Rescue of hematopoietic stem cells following high-dose radiation injury using ex vivo culture on endothelial monolayers.
Military personnel are at significant risk for potentially lethal myeloablative injury secondary to nuclear accident, nuclear attack, or chemical weapons attack. In an attempt to develop culture conditions in which hematopoietic stem cells might be rescued from the effects of radiation, we irradiated (1,000 cGy split dose) 6-week-old C57BL/6 (Ly 5.1) and syngeneic C57BL/6 (Ly 5.2) mice and tested whether bone marrow mononuclear cells (MNCs) harvested postirradiation could be rescued via coculture in porcine microvascular endothelial cell (PMVEC) monolayers. We found that a subpopulation of bone marrow MNCs exposed to 1,000 cGy could be maintained and expanded over 10 days in a PMVEC culture (3.8-fold expansion), whereas liquid suspension culture did not maintain a significant number of hematopoietic cells postirradiation. Colony-forming assays demonstrated that murine MNCs exposed to 1,000 cGy did not give rise to granulocyte/macrophage colony-forming units (CFU-GM), erythroid burst-forming units (BFU-e), or CFU-Mix in 14-day cultures, whereas irradiated MNCs that were subsequently cultured in PMVEC-generated CFU-GM, BFU-e, and CFU-Mix at cloning efficiencies of 1.3%, 0.2%, and 0.2%, respectively. In survival studies, we found that 78% of mice that were irradiated and then transplanted with irradiated/PMVEC-expanded MNCs were alive at day 50, compared with 18% of irradiated control mice (p < 0.05). We also observed that mice transplanted with irradiated/PMVEC-expanded MNCs showed complete hematologic recovery. At 8 weeks post-transplant, we found evidence of Ly 5.1 donor cells in both the bone marrow and the spleen of the transplanted animals, but the levels of engraftment were low (range, 0-5.1%; mean, 1.9%). These results demonstrate that a subpopulation of bone marrow stem cells are capable of surviving the effects of high-dose radiation if these cells are placed in coculture with endothelial cell monolayers.